Received February 28, 2011 . Accepted August 29, 2011 . Available online September 16, 2011 . Published November 14, 2011 Obesity in children and adolescents has become an increasing clinical and public health concern (1). Whereas until recently the basic concern about obese children was their high risk to become obese adults, the current concern is about the possible repercussions of childhood obesity on the future health of affected subjects (2) .
Body mass index (BMI) is generally used to define obesity clinically (3) because it is easy to calculate, quick to measure and noninvasive. Nevertheless, BMI is a poor index of fatness in individual children (4, 5) and has poor sensitivity for categorizing the condition (6) . These limitations mean that BMI is an inadequate outcome for research on the efficacy of obesity treatment programs (7) .
Bioelectrical impedance analysis (BIA) is a rapid, safe and simple technique for measuring body composition both in the field and in clinical settings (8) . Studies on adults have shown that BIA is an easily applicable method for estimating fat-free mass (FFM) (9) or total body water (TBW) (10, 11) . It is evident from recent studies that the use of BIA for the assessment of body composition in children requires specific prediction formulas differing from those established for adults (12) (13) (14) . Such formulas have been developed for the prediction of FFM (15) (16) (17) (18) (19) and of TBW (12) (13) (14) in children. BIA could also be an easily applicable method for the assessment of body composition in obese children, but until now it has not been validated for this population. O concentration serves as a marker for TBW from which FFM and fat body mass (FM) are derived. The deuterium dilution method (DDM) assumes a constancy of the hydration fraction of FFM, which varies during growth and development. Another very important aspect is the fact that the results obtained by DDM for the various body compartments are being considered by several investigators as the "gold standard" for the study of association with other methods, BIA in particular, for the assessment of body composition in both adults and children (15, 16) .
If nutritional assessment is limited only to BMI, it will be difficult to determine whether the variation in weight is due to FFM or to FM. Thus, it is important to analyze the associated body composition by BIA. However, since obese patients present changes in the amount of TBW and consequently in the estimated values of FM and FFM, it is necessary to adjust specific formulas to patients with excess body fat, especially adolescents in the process of growth and development.
Therefore, the objectives of the present study were to describe and compare the body composition variables determined by BIA and DDM, to calculate possible correlations and agreement between the two methods, and to construct a linear regression model including the anthropometric measures.
Subjects and Methods

Subjects
Forty adolescents aged 10 to 19 years, 11 months and 29 days, with primary obesity (BMI above the 97th percentile) were included in the study (17) . Data from subjects whose samples were contaminated with diluted deuterium were excluded, and subjects taking medications that might alter body composition were not included.
The subjects were admitted to the University Hospital, Faculty of Medicine of Ribeirão Preto, University of São Paulo (USP). They were evaluated by anthropometry, and their body composition was assessed by multifrequency BIA and DDM. Immediately after the anthropometric exams and BIA, saliva was collected from the subjects and deuterium oxide was offered to them. This permitted the exams to be performed at the same time and under the same conditions, with a consequent constant state of hydration during all methods of body assessment used in the study (18) .
Anthropometry
Weight and height were measured by a trained dietitian according to the method of Heymsfield et al. (19) . The reference data of the World Health Organization/National Center for Health Statistics/Centers for Disease Control and Prevention 2002 (20) were used. BMI was calculated by the standard formula (weight/height 2 ) using height and weight and plotted on CDC BMI-for-age curves for girls and boys 2-20 years of age (21) .
Multifrequency bioelectrical impedance
The BIA measurement was obtained with the adolescents in the supine position with relaxed arms and legs and without any contact with other body parts. The electrodes were placed on the dominant side of the body (right side for right-handed children and left side for left-handed children). Four skin electrodes were placed on the dorsal side of the hand and foot proximal to the metacarpal-phalangeal joint and also between the distal prominences of the radius and ulna and between the medial and lateral malleoli of the ankle, respectively (22) . A Bodystat ® 1500 (Douglas, British Isles) unit equation especially suited for the age group of 6 to 17 years was used for the determination of body composition. This equation only applies to the results of body composition and is automatically selected when the age of the subject is entered (12, 23) .
Deuterium oxide method
An oral dose of 1 g/kg weight (roughly 1 g/kg weight of a 7% diluted deuterium oxide stock solution) was carefully weighed using a scale with a sensitivity of 0.0001 g (Toledo AB204 scale, Brazil). The solution was prepared in the pharmacy by the gravimetric dilution of a 99.8% deuterium oxide solution (Cambridge Isotopes Laboratories, USA) with filtered tap water under sterile conditions. Saliva (≈2 mL) was collected directly from the children into small sterile vials. The subjects first provided a pre-dose fasted saliva sample to determine the natural deuterium content. The post-dose samples were collected after 3 h of equilibrium time, after the administration of deuterium.
All saliva samples were stored in a freezer at -20°C (24). All tubes had screw-on caps and were wrapped with Parafilm ® for better sealing, preventing possible losses due to evaporation during tube manipulation and cross-contamination during storage (25) . A small extra amount of the saliva sample was stored for eventual confirmation of the results (26) . During the equilibration period, subjects remained in the study location, with no food or water intake.
The deuterium enrichment of the samples was measured by isotope ratio mass spectrometry. The saliva sample (300-µL aliquots) was analyzed in triplicate. Samples were equilibrated with 100% ultrapure hydrogen injected into each tube by an automated system, and equilibrium was obtained by platinum catalysis (Thermoquest ® platinum catalyst rods, Thermo Finnigan MAT, Germany) under www.bjournal.com.br Braz J Med Biol Res 44 (11) 2011 conditions of controlled temperature (25°C). Hydrogen gas was subsequently analyzed with a continuous flow isotope ratio mass spectrometer (Hydra System/ANCA ® 20-20, Europe Scientific, UK) at the Mass Spectrometry Laboratory of the Faculty of Medicine of Ribeirão Preto, USP. Tap water, internal standards, and diluted dose were analyzed within each sample batch.
Ethics
The study protocols were conducted according to the principles of the Declaration of Helsinki and were approved by the Human Research Ethics Committee of the University Hospital, Faculty of Medicine of Ribeirão Preto, USP. Written informed consent was obtained from a parent or legal guardian of each subject.
Statistical analysis
Descriptive measures were calculated to describe the sample and the measurements of body composition (DDM and BIA). The Shapiro Wilks pre-test and the variance Ftest were performed to check if the variables had normal distribution. The variables that did not show a normal distribution were transformed into a logarithm scale. The measurements of body composition obtained by DDM were compared to those obtained by BIA using the t-test for comparison of the means.
For linear regression models, we considered the values obtained by DDM [FFM (kg), FM (kg), and TBW (%)] as the dependent variables and BIA values of FFM, FM, and TBW as well as weight, height, age, BMI, and gender as the independent variables.
To show the relationship between DDM and BIA, we considered the Pearson product-moment correlation and Bland-Altman plot. Next, we used linear regression to estimate the measures of FFM, FM and TBW of DDM by BIA. The estimated model (equation) explains the relationship between DDM and BIA jointly with variables such as gender, weight, height, and age, for all measures. The analyses were obtained with the R version 2.8.1 software and the level of significance was set at P < 0.05 (27) .
Results
Forty obese adolescents (22 boys and 18 girls) with a mean age of 11.2 ± 0.9 years were included in the study. Mean body weight was 81.12 ± 22.80 and 73.64 ± 10.01 kg for girls and boys, respectively (P > 0.05). Mean BMI was 33.65 ± 6.88 kg/m 2 for girls and 30.46 ± 2.67 kg/m 2 for boys (P > 0.05).
The comparison between the mean values obtained by BIA and by DDM is presented in Table 1 . BIA overestimated FFM (118.5%) and TBW (122.9%) and underestimated FM (78.8%) compared to DDM; significant differences were observed in mean FM, FFM, and TBW determined by DDM and BIA. FFM values measured by DDM plotted against those measured by BIA are shown in Figure 1A (left side), with significant correlations between the two methods (r = 0.89; P < 0.001). The Bland-Altman plot ( Figure 1A, right side) showed the random nature of the spread with no detectable significant negative bias.
Similarly, FM values measured by DDM plotted against those measured by BIA are shown in Figure 1B (left side), with significant correlations between the two methods (r = 0.93; P < 0.001. The Bland-Altman plot ( Figure 1B , right side) showed no significant positive bias.
TBW values measured by DDM plotted against those measured with BIA are shown in Figure 1C , with significant correlations between the two methods (r = 0.62; P < 0.001). The Bland-Altman plot ( Figure 1C , right side), showed a significant negative bias.
When the sample was stratified by gender, a strong correlation was found with FFM (r = 0.92; P < 0.001) and FM (r = 0.96; P < 0.001) and a lesser one with TBW (r = 0.58; P = 0.012) for females. The correlation for males was r = 0.74 for FFM (P < 0.001), r = 0.80 for FM (P < 0.001) and r = 0.54 for TBW (P < 0.01).
The Figure 2C ).
Residue analysis performed for all adjustments revealed the absence of heterocedasticity (residue versus predicted), and the hypothesis of residue (test) normality was not rejected in any adjustment. The eventual outliers detected did not compromise the quality of model adjustment. Table  2 presents a summary of the linear regression models for the measurements of FFM, FM and TBW.
Discussion
In the present article, we report the assessment of body composition of obese adolescents by BIA and DDM. The comparison of the mean values for FM, FFM, TBW determined by DDM and by BIA revealed significant differences ( Table 1 ). The results demonstrated that BIA overestimated the measures of FFM and TBW and underestimated the measure of FM compared to those provided by DDM. As expected, a significant positive correlation and bias (no agreement) by the Bland-Altman plot was observed between the body composition variables obtained by the two meth- ods. It was possible to predict measures of body composition determined by DDM in obese adolescents using the measures obtained by BIA by means of the adjusted models containing a maximum of two variables, allowing a correction in the BIA values to predict DDM methods. Thus, BIA could be an alternative inexpensive and practical method to help health professionals obtain a more detailed assessment of body composition when DDM is not possible.
Forty obese adolescents of both genders aged 10 to 19 years (mean age: 11.2 ± 0.9) participated in the study. This same age range was studied in other investigations for the assessment of body composition in adolescents by BIA, anthropometry and DDM (12, 23, 28, 29) . In the present study, as in previous ones, no statistically significant difference in weight (P = 0.20) or BMI (P = 0.07) was observed between genders, results that allowed us to perform the analyses as a group instead of separating by gender.
The World Health Organization has suggested the use of BMI for the screening of overweight and obese adolescents because it correlates well with body fat, is easy to obtain, has references for comparison, and permits the continuity of the criterion used to assess adults (30) . The BMI is an index for the measurement of excess weight but not of body fat and for this reason there is continuing discussion about its predictive capacity for the identification of young people with elevated body fat (31) .
BIA is a safe and noninvasive method that can be applied using portable equipment and is extensively employed to estimate body composition (32) . The importance of defining body composition in order to assess and monitor obesity has been well established. However, several factors limit its application to obese adolescents (33) . Equations developed for eutrophic individuals usually overestimate FFM in extremely obese adults (30) . The validity of BIA is no longer questioned for metabolically stable adults with no significant organic alterations. Its application to pediatrics and neonatology, as well as obesity and undernutrition, has also proved to be viable although it sometimes requires equations adjusted to the target population (22, 34, 35) .
Several investigators have shown that a change in body composition occurs in obese individuals and have concluded that, the greater the percentage of body fat, the lower the TBW (28, 36) . Knowing that there is no practically water in fatty deposits in the human organism, researchers have been stimulated to define TBW as an important index for the determination of body composition (22) . On this basis, the quantitation of TBW is an important resource for the assessment and monitoring of fat mass, which is defined as body weight minus FFM.
We detected significant differences in mean FM, FFM, and TBW determined by DDM and BIA, with BIA overestimating FFM and TBW values and underestimating FM values. To the best of our knowledge, there are no studies comparing the body composition values obtained by BIA to those obtained by DDM in obese adolescents.
The present data demonstrate that BIA provides a reliable estimate of the body composition of obese adolescents compared to DDM, which is considered to be the "gold standard" reference method. The results obtained by BIA strongly correlated with those obtained by DDM regarding the variables FFM (r = 0.89; P < 0.001) and FM (r = 0.93; P < 0.001) and correlated moderately regarding TBW (r = 0.62; P < 0.001).
Considering BIA as an instrument capable of measuring changes in body composition, Kushner et al. (37) studied the body composition of 20 obese women who had lost body weight using DDM, BIA and skin folds. The authors detected a significantly high correlation between the data obtained by DDM and BIA (r = 0.971).
When comparing TBW assessed by BIA to TBW assessed by DDM in 58 adults, Kushner and Schoeller (10) concluded that BIA proved to be a precise method for predicting the TBW obtained by DDM by means of multiple regression equations. The authors also stated that BIA is a simple, safe and noninvasive method that can be easily used in outpatient clinics. The present study observed associations between DDM (gold standard) and BIA for adjustment of regression equations. The equations suggested in this study should be used in obese adolescents in future studies in order to be validated.
Along the same line of investigation, in another study conducted on eutrophic men in order to validate BIA in comparison to DDM, the authors observed a good correlation between BIA and DDM for the estimate of body fat, although the values obtained by BIA overestimated body fat (38) . In the present study, we also detected a good correlation regarding the variable in question, although BIA underestimated FM (78.8%) compared to DDM.
Several studies have been conducted to predict TBW determined by DDM in eutrophic (13) and obese (28) children and adolescents using the measures provided by BIA, by means of equations. These studies used values of resistance indices (height 2 /resistance), age, weight, and body surface/impedance in order to adjust the regression model. The present study differs from these investigations in terms of the variables included in the adjustment of the regression model, which were gender, weight, height, age, BMI, FFM, FM, and TBW, and body composition data were obtained by BIA.
The linear regression models proposed in the present study were well adjusted regarding FFM, FM, and TBW. The values of FFM, FM, and TBW obtained by DDM and predicted by the model were quite close to the real values obtained with the reference method. There was a significant effect of weight for the adjustment of the linear regression model: FM by DDM = FM by BIA, and therefore weight was included in the adjusted linear regression model. We did not detect in the literature any study using the same variables as employed in the present investigation for the adjustment of the linear regression model. The variables used are easily accessed in clinical practice.
Several studies have shown that anthropometric measures such as weight, height and skin folds are not applicable to the assessment of body composition. A viable method for the assessment of body composition would be highly desirable in clinical practice for a better monitoring of obese adolescents. BIA is a simple method and its results are obtained rapidly; however, specific formulas must be adjusted for the assessment of children and adolescents, especially in terms of obesity. Thus, the formulas suggested in the present study may help health professionals to assess the body composition of obese adolescents, without being limited to the BMI, a criterion that does not assess FM or FFM. However, it is inappropriate to extrapolate these equations outside the limits of the data. In other words, although linear regression models are well adjusted, it is necessary to test their applicability on a sample population of obese adolescents and possibly to include other important variables in the models. To this end, multiple regression analysis will be necessary in addition to an expanded sample size.
